This paper presents research into perceived quality of vehicle body split lines / gaps. The survey based methodology combined direct attribute evaluation and choice experiments with multiple test cases, based on static images generated from parametric CAD virtual prototypes of a specific vehicle. The study systematically tested for perception without and with awareness and the Hawthorne bias, showing significant effects. Statistical analysis provided clear evidence of the user preference for smaller gap size, and as such supports target and tolerance setting for the body gap.
Introduction
Perceived quality is defined in relation to the customers' emotional response to the aesthetic appearance of a product, including fit and finish, appearance of surfaces, craftsmanship and execution of details (Wickman et al, 2014) . For automotive products, perceived quality is significantly influenced by manufacturing quality design, including craftsmanship and gap and flush measurements of vehicle body split lines, and this has been increasingly recognised as a customer satisfaction differentiator across all market segments, including luxury vehicles (Stylidis et al, 2016) . This is confirmed by published results of global customer satisfaction surveys such as the JD POWER (2016) which show that in particular for the premium brands the quality of workmanship (fit & finish) play a significant role in brand choice. This confirms earlier research, such as Dagman et al (2004) , which concluded that customers take high vehicle quality assessment of split lines for granted when buying premium cars. This work is particularly focussed on customer perception of exterior craftsmanship quality in particular in relation to alignment of body parts. "Gaps", also referred to as "split lines", are commonly defined as the "relation between two mating parts over a specified distance" (Dagman et al, 2004) . Figure 1 provides a graphical illustration of the alignment between the tailgate and the bodyside of a vehicle, which identifies the gap as a measurable quality characteristic. Given the geometrical complexity of the automotive body structures, designed to meet both aesthetics as well as functional requirements such as safety and aerodynamics, the achieved gap is the result of complex tolerance chains. Several recent studies have discussed the relationship between tolerancing and dimensional variability in split lines and perceived quality Hoffenson et al, 2015) . From an automotive product development point of view, setting up targets for split lines early in product design is desirable, as this will enable a consistent approach to geometric design and tolerancing, as well as tool development to ensure that the gap targets are robustly achieved. However, insight of customer preference for split lines for specific body styles, in particular for new products, is often not available early in the vehicle programme, and targets are set based on designers' experience. This often leads to changes in specifications later in the design and development process, when the design can be evaluated against the known best in class based on prototypes. Late changes to targets are known to lead to product and programme quality issues, resulting in late delivery of engineering, additional costs, or late tradeoffs to other targets causing their own downstream effects (Harris, 2016) . Therefore, it is desirable to acquire a robust understanding of customer preference in relation to split lines, such that targets can be set "right first time" early in the vehicle programme. The research presented in this paper was carried out from the perspective of an automotive OEM and was aimed at establishing and validating an efficient and effective methodology that can be deployed within a product development organisation, to support the robust capture of customer perception regarding gaps/split lines of car body panels. The approach used for the research was to use a case study, relating to a particular vehicle, for which specific questions were formulated, aiming to support the design specification for gaps / split lines in terms of nominal and tolerance range, as follows:
1 The organisation of the paper is as follows: section 2 presents an overview of related literature and research; section 3 summarises the case study methodology; section 4 presents the results and analysis from the study, followed by a discussion and summary of conclusions and recommendations. 
Critical analysis of related literature
Engineering perceived quality into design products has been significantly shaped by an emerging body of research aimed at establishing a comprehensive understanding of quality (Bjorn et al, 2017; Stylidis et al 2015) and methodological developments to enable systematic study of perceived quality for product development. This section provides a critical review of published methodology relevant to this study. Kansei or Affective engineering aims to establish parametric links between the customers' emotional responses and the design characteristics of products or services (Nagamachi, 2008) . Affective engineering studies are often based on focus groups (see for example Henson et al, 2006) , where open ended questions are used to define the semantic space of words / adjectives that describe the characteristics of the product, followed by successive ranking and direct choice to select the most representative ones. The semantic differential method has also been illustrated by Hsu et al (2000) in a study to differentiate perceptions between designers and customers. The practical use of affective engineering in industry is limited both by the fact that it is resource intensive, and has limitations in relation to its use in complex systems where multiple feelings and quality dimensions interact with each other, which renders the affective product design research too complicated (Ayas, 2011) . Discrete choice experiments have been introduced as an efficient approach to study user preference for multi-dimensional product attribute context. The strength of this approach stems from the use of factorial Design of Experiments methodology to generate the set of choices for which customer preference choices are elicited, allowing for a better statistical evaluation of effects (Burgess & Street, 2005) . Refined versions of discrete choice surveys have been increasingly used in perceived quality studies; e.g. Hoffenson et al (2015) have discussed the use of a choice based conjoint survey technique to study the customer preference in relation to a mix of attributes including build quality (in relation to geometric tolerances), price and sustainability in a global study. Johnson et al (2013) have presented a comprehensive review and recommendations for good practice for the experimental design of discretechoice experiments, with comprehensive examples from health. The strength of discrete choice experiments approach is that it is generally more efficient than affective engineering as it is less cognitively demanding for the participant. However, a limitation of discrete choice experiments is that it only collects information on a preference from many choices (two or more), which in turn might limit the practical relevance of the study. Increasing the choice set through contingent ranking which requires all choices to be ranked can be more cognitively demanding for the participant which in turn will impact on the effectiveness of the study. Dagman et al (2004) investigated if there is a correlation between the car brands that customers rated high on aesthetics regarding split lines and actual measurement data of the geometrical variation of split lines of those car brands. Such correlation studies are very powerful as they allow for the study of more variable data, which results in better resolution of information and inference. However, this approach requires extensive data, which is both expensive due to the number of measurement data required, and difficult to obtain early in the design process for a specific product. Several researchers have discussed the use of combination of techniques including both attribute assessment and discrete choice experiments. For example Forslund et al (2013) presented a study focussed on identifying whether tolerance related geometrical deviations have an impact on customer preference. The study used photographs of the design artefacts considered (cordless telephones and bread toasters), and the survey systematically examined: (i) the attribute assessment of appeal over a 10 points rating scale; (ii) a preference test where participants were asked to choose between design pairs where the gap was the only difference, but without drawing participant's attention to the fact that the gap was the only difference; and (iii) an evaluation of preference after the participants were made aware that the gap was the only difference between the two designs. Table 1 summarizes the studies discussed above on evaluating customer perception, detailing the survey working aids (types of display) and the type of survey, as well as the size of the study. In relation to the use of visual graphics of products for research study, Artacho-Ramirez et al (2008) concluded that photographic representation suffices to communicate most of the concepts in the same way that the real product would do. While virtual prototypes are increasingly used by organisations to understand the user's needs during the initial phase of product development (Da Silva et al, 2016) , in terms of testing the perception of visual quality 2D images provide sufficient visual information, and 3D images can only be justified if perception of stereoscopic depth is required (Ware, 2013) . Ware (2013) also discussed that the useful field of view (UFOV) is an important consideration for experiments to enhance visual information for participants from static images. UFOV is larger with low target density (i.e. less information displayed) and this means that the participant can take information quickly from larger area. Bergstrom et al (2016) discussed research results showing that older adults looked less frequently at peripheral parts of the screen, and therefore it is recommended to place the target in the central area of the screen. Nagy et al (1992) discussed that when the luminance or colour difference between target and distractors was high (i.e. when the target was more discriminable), it resulted in efficient search (larger UFOV) for the participants. It was also discussed that the UFOV can be achieved by the use of less saturated colours for large areas of display and highly saturated colours for small areas of display, to maximise discrimination. Kantowitz et al (2014) discussed that demand characteristic can induce a Hawthorne effect (i.e. behaviour modification in response to awareness of being observed), and result in a significant uncertainty in relation to the results of the experiment. Researchers (e.g. Fostervold et al, 2001 ) have therefore introduced designed experiments to intentionally test for any demand characteristic effect. Several researchers (see for example Dretske, 2006; and Merikle et al, 2001 ) have discussed the evidence for implicit, subliminal perception without awareness of the attributes of the object studied. Therefore, it is important to study perception without awareness to understand if participants are able to perceive a stimuli (such as the gap to body panel for a vehicle) without awareness, and to evaluate the implication that awareness might bring in relation to the choices made by survey participants. 
Case study, research objectives and approach to survey
The specific case study considered for this research is a sport utility vehicle. Table 2 below provides an exemplary illustration of the possible changes in design targets set for two different locations along the same vehicle split line, at different stages in the product development (i.e. an initial design target, and a revised target after the preliminary design was completed and dimensional variation analysis (DVA) conducted to evaluate the impact of manufacturing tolerances). With reference to this specific vehicle application the study aims to establish: 1. Whether customers have a preference for smaller gaps and whether there is a threshold for the gap value beyond which the customer appeal starts to diminish; this would support the specification of a nominal value for the gap; and 2. What variation in gap becomes noticeable to the customers -such that appropriate specifications for tolerances can be set?
Given the nature of the problem, and the desire to have an efficient process compatible with an OEM product development process / vehicle programme, a survey based on a combination of a discrete choice experiment and direct attribute assessment via ranking, similar to Forslund et al (2013) , was chosen as the base methodology. The review of literature strongly suggested that several factors should be taken into account in developing robust discrete choice experiments, including: 3. Awareness of gap: do customers perceive gap without awareness? And does awareness of gap influences their preference for smaller or larger gap specification? 4. The impact of Hawthorne effect: does demand characteristic have an effect on the behaviour of respondents during the survey, leading to significant changes?
The design of the survey experiments needs to take into account the requirements / objectives outlined above. The process used by Forslund et al (2013) has addressed similar issues, and therefore was adopted as a blueprint for the current study. Specifically, the study of customer preference for gap was planned as a three phases survey, as followed:  Phase 1: Assessment of aesthetic appeal of gap size.  Phase 2: Discrete choice test aimed at identifying perception of gap and design preference without awareness.  Phase 3: Elicitation of preference with awareness of gap as target of evaluation.
The design of the experiment test cases should also allow for testing for any Hawthorne effect. In the first instance, survey participants will be selected from employees in the company, to facilitate a faster turn-around of the study, while the methodology is developed and validated. However, the selection of participants will aim to ensure an appropriate gender and background (i.e. engineering vs non-engineering) balance to objectivise the study as much as possible. Selecting an appropriate size of the survey in terms of the number of participants is an important study design consideration to ensure a good balance between statistical efficiency and response efficiency (Johnson et al, 2013) . Testing for significance of the difference in mean ratings between options can be based on the principle of a 2-sample t-test, providing a sample size requirement for the experiments. Considering a power of the test of 0.70 in relation to a shift of 1 standard deviation, and a reference value for standard deviation of 1.97 based on the large scale research of vehicle styling and aesthetics appearance of Srinivasan et al (2012) , leads to a required sample size of 49. This is compatible with the resource available to commit for this study, and was therefore adopted as target sample size. 
Choice of Visual Graphics
Conducting a customer perception study based on vehicle physical prototypes would be both prohibitively expensive and infeasible early at the design stage. Visual graphics have been shown to provide a viable alternative, and as discussed by Ware (2013) , static images of virtual prototypes adequately communicate concept in the same way in which the real product would do. Therefore, for the purpose of this study, AVA parametric CAD modelling virtual prototyping tool was used to generate images of the product showing the area of interest (tailgate to body side panel assembly). Figure 1 illustrates a partial image of the virtual prototype used in the study, exemplifying the way the UFOV principles have been used in creating the test samples.
Test cases and survey plan
Using the AVA parametric CAD modelling tool, images of the body assembly corresponding to different gaps between the tailgate and body panel were created. The values for gaps were chosen to represent the range of the tolerances illustrated in Table 2 ; five images were created, with gap values (in mm) as follows: 2.5; 3.0; 3.5; 4.6; 6.2. For the preference test, where image pairs are shown to survey participants, a number of 8 test cases (labelled C1 to C8) were set up, summarised in Figure 3 . The experimental set up tests 6 combinations of gaps contrasting nominal vs min / max tolerance and min vs max tolerances, including the extreme case of min/max tolerance across the 2 sets of targets (C8). Case C1 (pairing an image illustrating a 3.5mm gap with an image illustrating a 4.6 mm gap -corresponding to the nominal design values for the gap shown in Table 2 for different design stages) was repeated as case C3 in order to test for the Hawthorne effect. Based on the 8 cases, the survey study was conducted in 3 phases: 1. Phase 1: Assessment of aesthetic appeal of gap size: the images with different gap values were shown to the participants, who were asked to rate their assessment of "Aesthetics / Appeal" of each design on a scale of 1-10 (where 1 denotes is "Highly Unappealing", and 10 "Highly Appealing"). The images were arranged according to the 8 test cases; thus each participant was asked to rate 16 images, each image being repeated at least once. The order of the cases was randomised to ensure repeat assessments of same image were not consecutive.
Figure 2. Visual graphics used for the study, illustrating UFOV concepts employed
2. Phase 2: Discrete choice and preference test -without awareness: participants were shown two images next to each other (corresponding to the cases C1 to C8 in Figure 3 ), and were asked firstly to comment whether they note a difference between the 2 cases, without bringing the gap to the participants' attention. Respondent were also asked to indicate their preference for one image / design versus the other -again without any reference to the gap. 3. Phase 3: Preference with awareness: in this phase the participants were shown again the test cases image pairs and were made aware that the gap was the only difference between the two otherwise identical designs, and asked to indicate again their preference for one image / design versus the other. 
Results and analysis
In the actual study, deployed in 3 phases as discussed above, full results were only available from 47 participants. A good gender balance was maintained, with 23 female and 24 male participants. The survey participants were employees of the Company, selected from all departments (including nonengineering departments such as administration, purchasing, corporate strategy), ensuring balance between engineering and non-engineering backgrounds of the participants. The following subsections summarise the analysis of the results against the research questions set for the study. Figure 4 summarizes the statistical analysis of the result for the evaluation of impact of gap size on customer preference, collected as rating for the aesthetic appeal in Phase 1 of the study. The statistical summary of the results shown in Figure 4 .a show a consistent standard deviation of ratings across the experiments, and also consistent with evaluations from much larger studies discussed in literature (Srinivasan et al, 2012) . Taking a worst case standard deviation of 1.8 (from Figure 4 .a), with the actual sample size of 47 participants, points to an actual power of a 2 sample t-test of 0.76 against a difference of 1 standard deviation, which is acceptable against the assumptions set for the study. Figure 4 .b presents a boxplot analysis of the appeal ratings provided by the participants across Phase 1 of the study. Each of the gap values were rated more than once by the participants (e.g. gap value 2.5 was rated 3 times, with results denoted as 2.5(1), 2.5(2), and 2.5(3) in the labels of the x axis in Figure  4 .b). While the results in Figure 4 .b are presented in the ascending order of the gap, the participants were shown the images in the order of gaps values studied in each of the 8 test cases. The results in Figure 4 .b show that the participants as a group seem to be consistent in their appeal rating for each of the gap values; this is shown by the median appeal score and interquartile range across the repeated evaluations of the same gap. It is also noticeable from A further study was conducted based on the Phase 1 test results to evaluate the change in gap value that leads to a significant change in the appeal rating. A non-parametric Mann-Whitney U-test, commonly used with Likert data (Forslund et al, 2013) , was conducted to test the significance of the difference between case pairs of gap size appeal ratings. Figure 5 summarizes the achieved significance values for the Mann-Whitney test for each pairwise comparison of gap appeal rating for cases C1 -C8. These results indicate that gap differences below 2 mm do not appear to significantly influence the appeal rating. For case C5 (2.5mm vs 4.6mm -roughly corresponding to the initial design tolerance range -see Table 2 ), at a gap difference of 2.1 the significance is 0.057, which could be taken as significant -and hence conclude that 2.1 mm difference in gap will result in a significant appeal rating difference. Quite clearly gap differences bigger than 3mm appear to be related to significant differences in appeal rating.
Influence of gap size on aesthetic appeal

Study on the influence of the Hawthorne effect
In Phase 2 of the study where the participants are specifically asked to look for differences between images and to express a preference for one design choice versus another, it is likely that participants may feel to be under focus, especially as they are asked this question in total 8 times corresponding to the 8 test cases C1 -C8. In this situation any influence of demand characteristic / Hawthorne effect is important to be evaluated in order to prevent making any exaggerated or incorrect inference. In order to facilitate this study, a repeat of case C1 was introduced as case C3, i.e. the participants were presented with the same pair of images as in C1. Any significant difference in results will indicate a potential significant Hawthorne effect on participant response. Figure 6 summarises the results of the study in terms of the percentage of respondents that have indicated the gap as the difference between the 2 images shown.
Figure 5. Significance values for Mann-Whitney U tests for C1-8 gap pairs
The results in Figure 6 are significant in two ways: firstly, there is a marked difference between the results for the repeat test case of the gap pair 3.5mm vs 4.6mm (corresponding to the 2 nominal gap targets in Table 2 ). In test case C3, 31.91% of the participants noticed gap as a difference, whereas in the test case C1 (which was the first test in the series) only 12.77% of the participants noticed gap as a difference between the 2 prototype images.
Figure 6. Influence of Hawthorne effect in the study
This suggests that the Hawthorne effect has an influence on the participants' response. Figure 6 also indicates that the proportion of participants noticing the difference increases with the progression through the test cases in the study, which is arguably only partly explained by the gap difference. As well as the difference between C1 and C3, it is also seen that there is a difference between C4 and C6 where a similar gap difference is perceived by a higher proportion of respondents.
Perception without awareness of gap size
During Phase 2 of the study, participants were asked whether they observe a difference between the 2 images of rear vehicle body and asked to express a preference between the 2 images of design. For the participants that did not identify gap as a difference between the 2 designs, the analysis of their preference for smaller or larger gap designs is important as it reveals the gap perception without awareness. Figure 7 summarises the results from the study in a matrix format. The results show that in most cases (4 out of 7 distinct cases) the participants have indicated a preference for the smaller gap image / design without awareness. However, the weight of preference is quite small except for cases C2 and C6. Quite interestingly, for the larger gap differences -cases C5, C7 and C8, the weight of the preference was split between small gap and large gap -without awareness. 
Shift in gap preference with awareness
In phase 3 of the study, the participants were made aware of the fact that gap is the only difference between the 2 images / designs they were asked to evaluate. This enabled a study in the change in behaviour of the respondents with awareness of the gap size, in particular to evaluate whether there is a clear preference for smaller gap from the participants. While some participants have not changed their preference after they have made aware of the gap difference, many have re-evaluated their preference. Figure 8 summarizes the analysis of the change in proportion of preference for small gap "before" and "after" the participants were made aware of the gap difference for each of the test cases C1 -C8, by means of a multi-vari chart. The results in Figure 8 indicate a clear shift in preference for small gap after the participants have been made aware of the gap being the only difference. There is an overall mean shift in the percentage of participants that expressed preference for small gap across all test cases, from 44% "before" to 82% "after" the discussion of gap. It is also noted that the shift of preference for small gap is evident in all test cases; the lowest proportion of 69% was recorded in test case C2, which had the smallest gap difference (2.5mm -3.5mm). For larger differences in gap and for larger gaps (test cases C6 -C8) the proportion of preference for small gap is larger than 90%.
Discussion, Conclusions and Recommendation
The research presented in this paper was carried out from the perspective of an automotive OEM, and a main objective was to establish an efficient and effective methodology for evaluation of perceived quality in relation to body split lines / gaps, early in the product development process, such that targets and tolerances can be appropriately set for a target vehicle. The methodology for the case study that underpinned the research was carefully established based on the review of best practices available through the academic literature, and consisted of a combination of direct attribute evaluation and choice experiments with multiple test cases, based on static images generated from parametric CAD virtual prototypes. Based on the results from the study, the key reflections and conclusions in relation to the methodology are as follows:
1. The use of static images from parametric CAD models is suitable for evaluation of perceived vehicle body quality. This is important because parametric CAD models can be used to generate a range of virtual prototypes that can be evaluated early in the product development process for a specific vehicle. 2. The approach of using Useful Field of View concept to enhance information visualisation for participants from static images of parametric CAD model has enabled to eliminate any negative effect of poor visualization and has thereby helped to ensure better cognitive response from participants. 3. The study showed that the combination of direct attribute rating and choice experiments is effective and necessary in comprehensive capture of user preference and evaluation of perceived quality. The analysis of aesthetic appeal rating data has provided an indication that the appeal rating worsens with larger gaps. The pairwise statistical significance study was useful in identifying whether variation of gap within tolerance limits (>2.1mm for the specific case study considered in this paper) could lead to a significant change in appeal rating. The choice experiments have provided clear evidence of the user preference for smaller gap size, in particular when the participants were made aware that the gap is the only difference. 4. The study clearly showed the importance of the planning of the experiments in relation to the condition of the participants, and the impact this can have in relation to the conclusions from the study. This relates to both the demand characteristic / Hawthorne effect, which was shown that can have a significant impact, and the effect of attribute awareness in relation to stated preference. The study on perception without awareness within this experiment on 8 test cases has shown that the stimuli gap to body panels is not perceived without awareness. 5. For the particular perceived quality gap problem studied in this paper, given the significant shift in participant preference once the awareness of gap as the only difference is made, makes it a clear conclusion that the size of the gap is an important "the smaller the better" type quality characteristic. This is coherent with the findings from the appeal rating -and substantiates gap as the differentiator characteristic. Given that the Hawthorne effect was tested across the 3 phases of the study (by repeating a test case without the participants to be noted about this), this conclusion cannot be put under doubt by any demand characteristic effect; indeed, Figure 8 clearly shows that while there is a difference in preference between cases C1 and C3 (i.e. the repeated test case), the size of the shift in preference after gap awareness was made, makes it clear that this is not due to a demand characteristic effect. It is interesting to note that in the Phase 3 experiments there is virtually no difference between the results from C1 and C3 -which means that with awareness there is no Hawthorne effect (presumably due to the greater confidence of the participants in expressing their preference against a more clearly defined context for the choice). 6. The approach taken for the planning of the experiments -by carefully defining test cases representing realistic contrasts of gap values that can be seen given the hypothesised tolerance specifications, and allowing repeat test cases, has been proven to be good practice. This has allowed for repeat evaluations of the same image or image pair -which allowed a better estimation of the effects from the experiment, including accounting for any Hawthorne effect.
The above points clearly define the contribution of this study to the academic body of knowledge and practice guides in relation to perceived quality experiments for automotive body design. The methodology can be replicated for other similar or related problems in relation to vehicle body perceived quality, e.g. to test for user preference with split lines / gap for different body styles, or to evaluate appeal and preference in relation to other attributes such as flush, radius, draft angle, etc. The experiment can be (and has been) replicated with other groups of participants to evaluate any difference in appeal and preference between customer groups.
